with CD133 + cells (11) , despite CD133 is first identified from hematopoietic stem cells (12) , and the function of CD133 has not been uncovered thus far (13) . Second, the side populations of tumor tissues or cancer cells, which may cause chemoresistance, also display intracellular Hoechst 33342 exclusion in vitro and is isolated and characterized as CSC (14 -17) . Expression of ABCG2, an ATPase transporter, is found closely associated with the side population phenotype (15) . Nevertheless, the ABCG2 + and ABCG2 -cancer cells are similarly tumorigenic (18) . Third, the sphere body formation of CSC is enriched under the cultivation of defined serum-free medium with growth factors from individual solid tumors or cancer cells (19 -21) where the serum-free culture condition helps maintain the CSC undifferentiated (19) . CSC derived from glioblastomas cultured in basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF) mirror the phenotype and genotype of primary tumors more closely than do serum-cultured cell lines (19) . Others have reported that CSC-like cells can be isolated from the established cancer cell lines by culturing these cells in defined serum-free medium with selected growth factors such as platelet-derived growth factor, bFGF, and EGF (14, 21) . Further studies evaluating the relatedness of these established cell line -derived ''stem-like'' cells to their parental tumors and a thorough phenotypic/genotypic characterization of these cells would ultimately be required to truly understand how closely they fulfill the criteria of CSC.
Oct-4, a member of the family of POU domain transcription factors, is expressed in pluripotent embryonic stem and germ cells (22 -24) . Oct-4 mRNA is normally found in the inner cell mass of the blastocyst (25) . Afterward, the expression of Oct-4 is down-regulated during differentiation, suggesting that Oct-4 plays a pivotal role in the mammalian development (26) . Knocking out the Oct-4 gene in mice causes early lethality due to the lack of inner cell mass formation, indicating the critical function of Oct-4 for self-renewal of embryonic stem cells (27) . Nanog, another transcriptional factor, also plays a critical role in regulating the cell fate of the pluripotent inner cell mass during embryonic development (28) . In vitro, Nanog mRNA is enriched in pluripotent cell lines such as embryonic stem, embryonic germ, and embryonic carcinoma cells but not in adult tissues (28) . On differentiation of these pluripotent cells, Nanog expression is down-regulated. In Oct-4-deficient embryos, Nanog expression can be readily detected by mRNA in situ hybridization, suggesting that Nanog can be maintained without Oct-4 (28) . These findings indicate that other pluripotent factors may contribute to the regulation of Nanog expression.
To further investigate the role of these two stemness/selfrenewal genes Oct-4 and Nanog in stem-like cells derived from OSCC, we firstly showed significant phenotypic differences between parental OSCC and derived oral cancer stem-like cells (OC-SLC) being cultured under defined serum-free medium containing bFGF and EGF. Secondly, the isolated OC-SLC highly expressed the stem cell markers [Oct-4, Nestin, Nanog, CD117 (c-Kit), and CD133] and also up-regulated anticancer drug transporter, ABCG2. Thirdly, the capabilities of migration/ invasion/malignancy in enriched OC-SLC were significantly increased in vitro and in vivo. Finally, immunohistochemical staining of Oct-4, Nanog, and CD133 on oral cancer patients' tissues further suggests that Nanog may be a better survival prognosis marker in OSCC patients.
Materials and Methods
Cell lines and isolation of OC-SLC from OSCC. Two oral cancer cell lines, SAS and OECM1, were derived from OSCC. Primary culture of normal human oral keratinocytes (NHOK) was as described (29) . Originally, SAS was grown in DMEM, and OECM1 was grown in RPMI supplemented with 10% fetal bovine serum. The two cell lines were then cultured in tumor sphere medium consisting of serum-free DMEM/F-12, N 2 supplement, 10 ng/mL human recombinant bFGF, and 10 ng/mL EGF. Cells were plated at a density of 7.5 Â 10 5 live cells/ 10 mm dish, and the medium was changed every other day until the sphere formation was observed in about 4 weeks.
Real-time reverse transcription-PCR. Total RNA of parental oral cancer cells or derived OC-SLC was purified. Briefly, the total RNA (1 Ag) of each sample was reversely transcribed by SuperScript II RT (Invitrogen). Then, the amplification was carried out in a total volume of 20 AL containing 0.5 Amol/L of each primer, 4 mmol/L MgCl 2 , 2 AL LightCycler-FastStart DNA Master SYBR Green I (Roche Molecular Systems), and 2 AL of 1:10 diluted cDNA. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) housekeeping gene was amplified as a reference standard. GAPDH primers were designed: GAPDH (forward): GGGCCAAAAGGGTCATCATC (nucleotides 414-434; GenBank accession no. BC059110.1) and GAPDH (reverse): ATGACCTTGCCCACAGCCTT (nucleotides 713-733). PCR was prepared in duplicate and heated to 95jC for 10 min followed by 40 cycles of denaturation at 95jC for 10 s, annealing at 55jC for 5 s, and extension at 72jC for 20 s.
Immunofluorescence staining for stem cell markers. In brief, cells plated onto poly-L-ornithine-coated glass coverslips or frozen sections of OSCC tumor tissues were fixed with 4% paraformaldehyde and then washed with PBS. Cells were permeabilized with 0.1% Triton X-100/ PBS for 10 min. Consequently, the cells were incubated with primary antibodies (Nestin, Oct-4, Nanog, or CD133; Chemicon). The immunoreactive signals were detected with a mixture of biotinylated rabbit anti-mouse IgG and Fluoesave (Calbiochem). Cells were further probed with FITC-or phycoerythrin-tagged secondary antibodies. The fluorescence intensity was recorded by inverted fluorescence microscope equipped with CCD camera and the percentage of fluorescence signal per photographed field was analyzed by Image process software (Image Pro-Plus).
Fluorescence-activated cell sorting analysis. For OC-SLC surface marker identification, single-cell suspension from trypsinized spheres was stained with anti-CD133, CD117 (c-Kit), or ABCG2 and secondary FITC-or phycoerythrin-coupled antibodies (DAKO) and analyzed by FACSCalibur apparatus (Becton Dickinson).
Radiation treatment for cell viability analysis. The g-radiation (ionizing irradiation) was delivered by Theratronic cobalt unit T-1000 (Theratronic International) at a dose rate of 1.1 Gy/min (SSD = 57.5 cm). Cells were seeded on 24-well plates at a density of 2 Â 10 4 per well in medium, after ionizing irradiation for 24 h, and analyzed by the MTT assay (Sigma-Aldrich).
Conditions for in vitro keratinocyte-lineage differentiation. Sphere cells of OC-SLC enriched from defined serum-free medium after 10 weeks were cultivated with regular laboratory 10% serum-containing medium. Consequently, the morphologically changed cells of spheres after 3 weeks of culture were stained for keratinocytes marker CK18 by immunofluorescent staining.
In vitro cell invasion analysis. The 24-well plate Transwell system with a polycarbonate filter membrane of 8 Am pore size (Corning) was employed to evaluate the invasion ability of the parental OSCC and derived OC-SLC. The membrane was coated with Matrigel. The cancer cell suspensions were seeded to the upper compartment of the Transwell chamber at the cell density of 1Â10 5 in 100 AL serum-free medium. The lower chamber was filled with serum-free medium. After 24 h of incubation, the medium was removed and the filter membrane was fixed with 4% formalin for 1 h. Subsequently, the remaining cells of the filter membrane faced the lower chamber was stained with Hoechst 33342. The migrated cancer cells were then visualized and counted from five different visual areas of 100-fold magnification under an inverted microscope.
Soft-agar assay. Each well (35 mm) of a six-well culture dish was coated with 2 mL bottom agar mixture [DMEM, 10% (v/v) FCS, 0.6% (w/v) agar]. After the bottom layer was solidified, 2 mL top agarmedium mixture [DMEM, 10% (v/v) FCS, 0.3% (w/v) agar] containing 2 Â 10 4 cells was added, and the dishes were incubated at 37jC for 4 weeks. Plates were stained with 0.005% crystal violet, and the colonies were counted. Statistical analysis was done by Student's t test. Fig. 1 . Enhanced expression of progenitor/stem cell genes in cultivated and enriched OC-SLC from OSCC. A, two oral cancer cell lines, SAS (top) and OECM1 (middle), and primary culture NHOK cells (bottom) were used and cultured in DMEM/F-12 serum-free medium with bFGF and EGF. After being in culture for 3 wk, cancer cells gradually detached from culture dishes, aggregated, and formed sphere-like bodies (SB). Increase of the volume of sphere-like body from the two OC-SLC was observed with longer cultivation (4 wk). The sphere-like bodies enriched from NHOK cells started dying after the second week. Bottom right, magnification. B, total RNA was purified from parental OSCC [SAS, OECM1, and OC3 (a less tumorigenic OSCC cells than SAS or OECM1)] or derived OC-SLC, and the elevated expression of Oct-4, Nanog, and Nestin genes in derived OC-SLC was detected by real-time reverse transcription-PCR analysis, respectively. Folds are the ratio of gene expression in OC-SLC/parental (S/P). Mean F SD of triplicate samples from one representative experiment. C, total proteins were prepared from parental OSCC or sphere-like body cells and analyzed by immunoblotting with anti-Oct-4, anti-Nanog, anti-Nestin, or anti-GAPDH antibodies as indicated. The amount of GAPDH protein of different crude cell extracts was referred as loading control. D, for immunofluorescence analysis, parental and enriched OC-SLC from SAS cells were stained with anti-Oct-4 (top), anti-Nestin (middle), or anti-Nanog, respectively, to detect the intracellular level of Oct-4, Nestin, and Nanog proteins. P, parental; S, OC-SLC. Magnification, Â200. Research.
on April 20, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from defined serum-free medium consisting of serum-free DMEM/F-12, N 2 supplement, 10 ng/mL human recombinant bFGF, and 10 ng/mL EGF.
Immunohistochemistry. Between 1994 and 1997, 52 consecutive patients with operable oral cancer underwent surgery at the Department of Oral and Maxillofacial Surgery, Mackay Memorial Hospital. This research follows the tenets of the Declaration of Helsinki and all samples were obtained after informed consent from the patients. None of the subjects received radiation therapy or chemotherapy before surgery. The tissue samples with different stages of oral cancer from 52 patients were spotted on glass slides for immunohistochemical stainings. After deparaffinization and rehydration, the tissue sections were processed with antigen retrieval by boiling the slides in sodium citrate buffer (10 mmol/L, pH 6.0). The slides were immersed in 3% H 2 O 2 for 10 min and washed with PBS three times. The tissue sections were then blocked with serum (Vestastain Elite ABC kit; Vector Laboratories) for 30 min followed by incubating with the primary antibody, anti-Oct-4, or anti-Nanog antibodies (Chemicon) in PBS solution at room temperature for 2 h in a container. Tissue slides were washed with PBS and incubated with biotin-labeled secondary antibody for 30 min and then incubated with streptavidin-horseradish peroxidase conjugates for 30 min and washed with PBS three times. Afterwards, the tissue sections were immersed with chromogen 3,3 ¶-diaminobenzidine plus H 2 O 2 substrate solution (Vector DBA/Ni substrate kit, SK-4100; Vector Laboratories) for 10 min. Hematoxylin was applied for counterstaining. Finally, the tumor sections were mounted with a cover slide with Gurr (BDH Laboratory Supplies) and examined under a microscope. Two pathologists scoring the immunohistochemistry were blinded to the clinical data. The interpretation was done in five high-power views for each slide, and 100 cells per view were counted for analysis.
Statistical analysis. Statistical Package of Social Sciences software (version 13.0) was used for statistical analysis. The independent Student's t test or ANOVA was used to compare the continuous variables between groups, whereas the m 2 test was applied for the comparison of dichotomous variable. The Kaplan-Meier estimate was used for survival analysis, and the log-rank test was selected to compare the cumulative survival durations in different patient groups. The level of statistical significance was set at 0.05 for all tests.
Results
Isolation and cultivation of OC-SLC from OSCC cells. To investigate the existence of OC-SLC in different stages of oral cancers cells, two oral cancer cell lines, SAS (high malignancy and metastasis) and OECM1 (less malignancy), and primary culture of NHOK were used and cultured in defined serum-free medium with bFGF and EGF. After being cultured for 2 weeks, cancer cells gradually detached from culture dishes, aggregated, and formed sphere-like bodies (data not shown). Significant sphere-like bodies were observed after 3 weeks of serum-free medium culture [Fig. 1A , SAS (top) and OECM1 (middle)]. In contrast to OSCC, less and smaller sphere-like bodies were enriched from NHOK cells under the serum-free medium culture. In addition, the sphere-like bodies enriched from NHOK cells started dying after the second week [ Fig. 1A , NHOK (bottom)]. The self-proliferation potential and the ability of primary spheroid body formation of OC-SLC from SAS and OECM1 were measured weekly. The results showed that proliferation activity and the formation number of new sphere-like bodies in OC-SLC of SAS were higher than those in OC-SLC of OECM1 ( Supplementary Fig. S1A and S1B) .
Elevated expression of progenitor/stem cell genes in OC-SLC. Expression of progenitor/stem cell genes such as Oct-4, Nanog, and Nestin was examined transcriptionally and translationally. Total RNA of parental cells or sphere-like body cells enriched with 1 week of serum-free medium culture from SAS, OECM1, and NHOK were purified. The amounts of Oct-4, Nanog, and Nestin transcripts of enriched OC-SLC were significantly increased compared with that of the parental OSCC cells by reverse transcription-PCR analysis, respectively ( Supplementary Fig. S1C ). Real-time reverse transcription-PCR analysis further confirmed the increase of Oct-4, Nanog, and Nestin transcripts in our enriched OC-SLC (Fig. 1B) . Additionally, OC-SLC enriched from the third OSCC, OC3 (the least malignancy of the three OSCC), also showed enhanced expression of Oct-4, Nanog, and Nestin genes by real-time reverse transcription-PCR (Fig. 1B) . In accordance with the realtime reverse transcription-PCR results, the Western blotting data showed that the protein levels of Oct-4, Nanog, and Nestin in enriched OC-SLC were also up-regulated compared with those of parental cancer cell lines [Fig. 1C , SAS (left) and OECM1 (middle)]. Furthermore, immunofluorescent staining displayed that the intracellular levels of Oct-4 (Fig. 1D, top) , Nestin (Fig. 1D, middle) , and Nanog (Fig. 1D, bottom) in the OC-SLC derived from SAS cells were dramatically increased compared with those in the parental cells. Stained fluorescence intensity quantitated from Fig. 1D showed significant elevation of Oct-4, Nanog, and Nestin genes in enriched OSCC OC-SLC ( Supplementary Fig. S1D ). The Nestin protein was detectable in both parental and sphere-like bodies of NHOK cells that could be caused by the contamination of basal cells (progenitor cells of skin tissue) during the primary culture processing. However, the sphere-like bodies of NHOK cells did not show elevated expression of above stemness genes (Fig. 1C, right) .
Characterization of progenitor/stem cell properties in isolated OC-SLC. To further characterize the progenitor/stem cells properties of our enriched OC-SLC, we used flow cytometry to detect the expression profile of progenitor/stem cell surface markers. As shown in Fig. 2A , for SAS (top) and OECM1 (bottom) cells, respectively, we detected that the majority of isolated OC-SLC (after 3 months of serum-free culture) were (patched columns) were compared, respectively. Mean F SD of triplicate samples from one representative experiment. *, P < 0.05. C, susceptibility of SAS parental cells and SAS derived OC-SLC to g-radiation was evaluated. For the evaluation of cell proliferation rate, cells were treated with g-radiation up to 10 Gy, and after 24 h, the survived cells were measured by MTTassay as described in Materials and Methods. Mean F SD of triplicate samples from one representative experiment. *, P < 0.05. D, sphere-like bodies of SAS OC-SLC were grown by replacing the defined serum-free medium with 10% serum medium. The sphere-like bodies of SAS OC-SLC became flattened as the parental SAS cells with longer cultivation. E, original sphere-like body cells from D and the flattened cells cultured within the 10% serum-containing medium after 3 wk were stained with keratinocyte-specific marker, CK18. Bottom, magnification. Research.
on April 20, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from positively stained with CD133 and CD117 (c-Kit), both being the specific cell surface markers of normal/tumor stem cells. Interestingly, we also detected most of the enriched OC-SLC from SAS and OECM1 were ABCG2 positive [ Fig. 2A , SAS (top right) and OECM1 (bottom right)]. Around 60% of OC-SLC derived from both SAS and OECM1 cells stained positively with CD133, CD117, and ABCG2, respectively, whereas enriched OC-SLC were kept long-term within defined serum-free medium ( Fig. 2B ; P < 0.05). To assess the radiation susceptibility of parental cells and derived OC-SLC, we treated SAS and SAS OC-SLC with up to 10 Gy radiation doses to evaluate the cell viability. The SAS OC-SLC were more radioresistant compared with the parental SAS cells ( Fig. 2C ; P < 0.05). Next, the sphere-like bodies of OC-SLC were grown by replacing the defined serum-free medium with 10% serum-containing medium. We observed that the sphere-like bodies of SAS OC-SLC gradually became flattened as the parental SAS cells (Fig. 2D) . OC-SLC maintained within the regular 10% serum-containing medium displayed enhanced expression of keratinocytespecific marker, CK18 (Fig. 2E) . These results confirmed that our enriched OC-SLC contain stem cell surface markers, are more radioresistant, and have the abilities for proliferation, self-renewal, and potential to differentiate keratinocytelineage cells.
Enhanced tumorigenicity of isolated OC-SLC by in vitro invasion and soft-agar foci formation assay. To evaluate the enhancement of tumorigenicity of isolated OC-SLC, in vitro Matrigel combined Transwell invasion and soft-agar colony formation assays were examined. Substantially, the isolated OC-SLC from both SAS and OECM1 cells showed higher invasion activity through Matrigel Transwell invasion assay ( Fig. 3A ; P < 0.05). Similarly, the foci formation ability of the two OC-SLC from both OSCC was enhanced when compared with that of the parental cells ( Fig. 3B ; P < 0.01). Interestingly, while being plated with the same cell number during the foci formation assay, the parental SAS cells showed similar colony formation ability to the OC-SLC enriched from OECM1 cells (Fig. 3B) .
Elevated in vivo tumorigenicity of OC-SLC. To further confirm the enriched tumor-initiating abilities of OC-SLC in vivo, the parental SAS cells and OC-SLC derived from SAS cells were injected into the oral cavity of nude mice for transplanted tumorigenicity analysis. As shown in Fig. 3C , SAS 5 in only one of three mice. However, SAS OC-SLC generated tumor when only 1 Â 10 4 cells (two of three mice) were injected into mice, suggesting that SAS OC-SLC were enriched for tumor-initiating cells by at least 10-fold. The histologic studies also showed that the proliferation ability of OC-SLC was significantly higher than that of parental cells (Fig. 3D) . In addition, massive neovascularization formation and aggressive invasion ability were observed in the multiple tumor foci of the OC-SLC group (Fig. 3D) . The tumor foci formation, size, and volume of OC-SLC were significantly higher than those of parental cells ( Fig. 3D and E Research.
on April 20, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from from the oral mucosa to tongue was also observed (data not shown). Moreover, the mean survival rate of OC-SLC group was significantly lower than that of the parental SAS cells by survival curve analysis ( Fig. 3F ; P < 0.01).
Isolation and characterization of OC-SLC enriched from OSCC patients' tumors. Cultivated within defined serum-free medium, the primary culture cells isolated from OSCC patients' tumors formed sphere-like bodies (OC-SLC) in 1 week of culture (Fig. 4A) . The sphere formation rate of OC-SLC from OSCC patients' tumor is faster than that of OC-SLC from established OSCC cancer cells (comparing the data from Figs. 1A and 4A ). In addition, enhanced expression of CD133 was showed in OC-SLC enriched from the five OSCC primary culture cells by flow cytometry analysis (Fig. 4B) . To further determine the in vivo tumorigenic activity of the enriched OC-SLC and parental tumor cells of each patient, we injected respective amounts of 1,000, 3,000, and 10 4 cells of each pair into the backs of severe combined immunodeficient mice. The results showed that 10 4 parental tumor cells from four of the five OSCC patients did not induce tumor formation, but 3,000 OC-SLC from the oral cancer tissues of five patients in xenotransplanted mice all generated visible tumors 4 weeks after injection (Fig. 4B) .
Oct-4, Nanog, and CD133 immunohistochemistry study in OSCC patients. To further investigate the expression of Oct-4, Nanog, and CD133 in the patients with different grades of oral cancers, we established the ontogeny of Oct-4, Nanog, and CD133 expression by immunohistochemical staining with a panel of specimens array of 52 oral cancer patients [ Fig. 5A , Oct-4 (top), Nanog (middle), and CD133 (bottom)]. The results showed that increased occurrence of Oct-4 expression was positively correlated with the advanced stages and medium to poor differentiation of oral cancers but not lymph node metastasis ( Fig. 5A; Supplementary Table S1 ). Additionally, more nuclear staining of Oct-4 was also observed in grades III and IV oral cancer tissues than in grades I and II tissues (Supplementary Fig. S2A ; P < 0.05). Similarly, elevated expression of Nanog or CD133 was also positively associated with high-grade oral and medium to poor differentiated cancer patients ( Fig. 5A; Supplementary Fig. S2B ; P < 0.05, Supplementary Fig. S2C ; P < 0.05, Supplementary Tables S2  and S3 ). Poor overall survival rate of oral cancer patients was positively associated with Oct-4, Nanog, and CD133 expression. To determine the prognostic significance of Oct-4, Nanog, and CD133 expression in patients with oral cancer, Kaplan-Meier survival analysis was done. Firstly, we did not find significant difference for the 5-year survival prognosis between high-grade and low-grade oral cancer patients according to the histologic analysis ( Fig. 5B ; P = 0.06). Secondly, the results of KaplanMeier survival analysis showed that the Oct-4 immunohistochemistry-positive cases were associated with a considerably worse overall survival rate compared with the negative ones ( Fig. 5C ; P < 0.05). Thirdly, with regard to Nanog expression, our results showed that patients with less Nanog expression favored better survival prognosis compared with the Nanog highly expressed patients ( Fig. 5D ; P < 0.01). Fourthly, CD133 + patients predicted a worse survival prognosis ( Fig. 5E ; P < 0.05). Taken together, these results supported that elevated expression of Oct-4, Nanog, and CD133 was strongly associated with advanced stage of oral cancer and worse prognosis ( Fig. 5C-E) . Significantly, patients with single-positive staining of Nanog (P < 0.01) predicted the worst survival compared with the other patients with either Oct-4 (P < 0.05) or CD133 (P < 0.05) single-positive staining (Fig. 5C-E) . Considering the expression of Oct-4 or Nanog for oral cancer patients survival prognosis analysis, we found that Oct-4 -/Nanog + patients showed the worse survival rate compared with the Oct-4 + / Nanog -patients ( Fig. 5E ; P < 0.05). Patients with doublepositive Oct-4 and Nanog expressions were associated with a worse survival rate compared with other oral cancer patients ( Fig. 5E ; Oct-4 + /Nanog + group versus Oct-4 -/Nanog -group; P < 0.0001). In addition, patients with triple-positive (Oct-4/ Nanog/CD133) predicted the worst survival rate compared with other oral cancer patients ( Fig. 5G ; Oct-4 + /Nanog + / CD133 + versus other groups). Overall, these data indicated that Nanog expression in the oral cancer patients could be a more critical factor in predicting the disease progression and clinical outcomes.
Intracellular localization of Oct-4, Nanog, and CD133 in OSCC patients' tumors. To examine the subcellular localization of Oct-4, Nanog, and CD133 in OSCC patients' tumor, immunofluorescent staining of Oct-4, Nanog, and CD133 was done. Both Oct-4 and Nanog proteins were positively stained within the nucleus of the OSCC tumors, and CD133 was positively stained mainly in the cytosol or membrane (Fig. 6) . Dual staining of Oct-4/Nanog (Fig. 6, top) , CD133/Oct-4 ( Fig. 6, middle) , and D133/Nanog (Fig. 6, bottom) indicated that Oct-4 and Nanog proteins were colocalized within the nucleus of OSCC tumor; however, not every CD133 + stained cell was costained with either Oct-4 or Nanog (Fig. 6 , middle and bottom).
Discussion
Self-renewal plus undifferentiated status, and capability to differentiate into heterogeneous mature cell types, are the hallmarks of stem/progenitor cells (4 -6). Oct-4 and Nanog has been suggested as two of four major factors that render the reprogramming capability of adult cells into germ-line-competent induced pluripotent stem cells (31 -33) . Recently, the expression of Oct-4 and Nanog has been shown in human breast cancer stem-like cells, suggesting that its expression may be implicated in self-renewal and tumorigenesis via activating its downstream target genes (34) . Consistent with these findings, ectopic expression of Oct-4 in a heterologous cell system transforms nontumorigenic cells and endows tumorigenicity in nude mice, suggesting the possibility that aberrant expression of Oct-4 may contribute to the neoplastic process in cells (35) . Functionally, Nanog blocks differentiation; inversely, dedifferentiation is one of the characteristics during tumorigenesis (36) . In addition, the clinical survey showed that elevated expression of Nanog has been related to retinoblastoma, prostate cancer, embryonal carcinoma, metastatic germ cell tumor, and ovarian cancer (37 -41) . Taken together, these findings indicated that the abnormal expression of Oct-4 and/ or Nanog in stem cell and tumor tissues might play a vital role in tumor transformation, tumorigenicity, and tumor metastasis (42 -44) .
In the present study, we successfully enriched OC-SLC, a subpopulation of CSC from OSCC through serum-free cultivation (Figs. 1A and 4) . Our OSCC-derived cells (OC-SLC) displayed stem/progenitor cell properties. For example, the enriched OC-SLC were stained positively for stem cell markers (Oct-4, Nanog, CD133, and CD117) and ATPase transporter (ABCG2) by immunofluorescent staining or fluorescenceactivated cell sorting analysis (Figs. 1B-D, 2A and B, and 4B). The individual percentage (f60%) of the three cell surface markers was similarly consistent with fluorescence-activated cell sorting analysis, suggesting that our enriched OC-SLC mirrored the similarity of CSC isolated from other solid tumor cells (4 -6). Prince et al. have purified the CSC from head and neck squamous cell carcinoma by selecting the CD44 + cells (45) . The expression of CD44 is elevated in metastatic cells (46) , and the CD44 + cells represent the CSC population of breast cancer (9) . However, our enriched OC-SLC downregulated the expression of CD44 as evidenced by flow cytometry analysis (data not shown). Wright et al. have shown that Brca1 breast tumors contain distinct CD44 + /CD24 -and CD133 + cells with CSC characteristics (47) . The reasonable explanation for enhanced expression of CD133 and downregulation of CD44 in our enriched OC-SLC is that both CD133 and CD44 could be the distinct markers of CSC in HNSCC. However, the serum-free cultivation mainly enriched the CD133 + CSC. It is interesting that although we could enrich the OC-SLC to form almost 95% of sphere-like bodies after long-term culture of OSCC up to 3 months in serum-free medium, the expression of CD133 of enriched OC-SLC was still around 60% instead of 90%. We believe that the long-term cultured sphere-like bodies are still composed of heterogeneous population of cells.
Following the above observations, we did the immunohistochemistry analysis of Oct-4, Nanog, and CD133 to elucidate the relationship between the expressions of the above stemness genes and oral cancer patients. Importantly, there were significant associations between expression of Oct-4, Nanog, and CD133 genes and stages or patients' survival in our cases ( Fig. 5A ; Supplementary Tables S1 and S2). All these results indicated that elevated expression of Oct-4, Nanog, or CD133 was positively associated with latestage progression and worse prognosis of the oral cancer patients ( Fig. 5A ; Supplementary Tables S1 and S2). These data confirmed that both the expression of Oct-4 and Nanog can be important prognosis markers for oral cancer.
Furthermore, Kaplan-Meier analyses showed that enhanced expression of Nanog predicted a worse prognosis of OSCC patients when compared with that of Oct-4 expression. Taken together, the up-regulation of Oct-4 and Nanog in our enriched OC-SLC implicates that activation of Oct-4 and Nanog might play an important role in maintaining the self-renewal property of CSC. Further research to explore how OC-SLC activates Nanog pathway is essential.
In conclusion, our data showed that OC-SLC possess both the characteristics of stem cells and malignant tumors, and these CSC-like properties in OSCC and other cancers should be warranted in the future translational oncology with the ultimate objective of improving anticancer therapy. In addition, expression of Nanog should be a better survival prognosis marker in OSCC patients.
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